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Normal aging is associated with greater decline in associative memory relative to item memory due to 
impaired recollection. Familiarity may also contribute to associative recognition when stimuli are per- 
ceived as a ‘unitized’ representation. Given that familiarity is relatively preserved in older adults, we 
explored whether age-related associative memory deficits could be attenuated when associations were 
unitized (i.e, compounds) compared with those non-unitized (i.e., unrelated word pairs). Young and 


older adults performed an associative recognition task while electroencephalogram (EEG) was recorded. 
Behavioral results showed that age differences were smaller for recognition of compounds than for unre- 
lated word pairs. ERP results indicated that only compounds evoked an early frontal old/new effect in 
older adults. Moreover, the early frontal old/new effect was positively correlated with associative dis- 
crimination accuracy. These findings suggest that reduced age-related associative deficits under unitized 
condition may be associated with the presence of familiarity-based retrieval of compounds in older 
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adults. 
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1. Introduction 


Dual-process theories propose that recognition memory is sup- 
ported by two processes: familiarity and recollection (e.g., 
Mandler, 1980; Yonelinas, 2002). Familiarity is a fast-acting pro- 
cess thought to act without retrieval of the details of the relevant 
stimulus or event being processed. Recollection refers to a more 
deliberate process that entails conscious retrieval of the details of 
the stimulus or event being processed. It has been assumed that 
familiarity and recollection make differential contributions to item 
and associative recognition. Whereas both familiarity and recollec- 
tion can support the item recognition, only recollection can sup- 
port the associative recognition (Yonelinas, 2002). In a typical 
associative recognition task, the participants study unrelated word 
pairs during encoding (e.g., watch-grape, pepper-map, tiger- 
candle), and make a distinction between the intact pairs (e.g., 
watch-grape) and the rearranged pairs (e.g., pepper-candle) during 
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retrieval. Performing this task accurately requires recollection 
because item familiarity is equal for intact pairs and rearranged 
pairs (Mecklinger & Jager, 2009), and only recollection can support 
the retrieval of relational representations (Cohn, Emrich, & 
Moscovitch, 2008). 

It is well established that normal aging is associated with episo- 
dic memory decline. The associative deficits hypothesis (ADH) 
attributes age-related memory impairments to difficulties in creat- 
ing and retrieving associations between single units of information 
in older adults (Naveh-Benjamin, 2000). Greater decline in 
associative memory than item memory in older adults has been 
demonstrated using a wide range of materials (see Old & Naveh- 
Benjamin, 2008, for a meta-analysis). From the perspective of 
dual-process theories, disproportionate decline in associative 
memory relative to item memory in older adults is due to impaired 
recollection despite relatively preserved familiarity (Daselaar, 
Fleck, Dobbins, Madden, & Cabeza, 2006; Howard, Bessette- 
Symons, Zhang, & Hoyer, 2006; Yonelinas, 2002; but see Wang, 
de Chastelaine, Minton, & Rugg, 2012). 

Though a number of studies support the proposal that associa- 
tive recognition memory is supported solely by recollection 
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(Donaldson & Rugg, 1998, 1999; Hockley & Consoli, 1999; 
Yonelinas, 1997), recent studies have challenged this view by 
demonstrating that familiarity can also contribute to associative 
recognition when to-be-remembered stimuli are perceived as a 
single integrated or “unitized” representation (Bader, Mecklinger, 
Hoppstadter, & Meyer, 2010; Diana, Van den Boom, Yonelinas, & 
Ranganath, 2011; Diana, Yonelinas, & Ranganath, 2008; Jager 
& Mecklinger, 2009; Jager, Mecklinger, & Kipp, 2006; Rhodes & 
Donaldson, 2007, 2008; Tibon, Gronau, Scheuplein, Mecklinger, & 
Levy, 2014; Yonelinas, Kroll, Dobbins, & Soltani, 1999), which is 
referred to as “unitization hypothesis” (Quamme, 2004). Here, 
unitization means a condition in which two or more separate items 
are integrated into a whole unit (Graf & Schacter, 1989). 

Further studies have demonstrated that associative memory 
performance in amnesic patients with more severe impairment 
in recollection than in familiarity could benefit from enhanced 
engagement of familiarity during the retrieval phase due to 
unitization (Diana, Yonelinas, & Ranganath, 2010; Giovanello, 
Keane, & Verfaellie, 2006; Quamme, Yonelinas, & Norman, 2007). 
For instance, Giovanello et al. (2006) first confirmed that the com- 
pound words (e.g., traffic-jam), one kind of pre-experimentally 
unitized association, could induce a more familiarity-based judg- 
ment than could the unrelated word pairs (e.g., table-street). 
Subsequently, they observed that amnesic patients exhibited 
better associative recognition on compound words relative to 
unrelated words pairs. 

If age-related associative deficits may be attributed to impaired 
recollection, could older adults’ performance be improved when 
associative recognition is supported by familiarity, as in the amne- 
sic patients? Three recent studies examined this question, and 
their findings are incompatible. Jager, Mecklinger, and Kliegel 
(2010) did not find a facilitation effect of unitization for older 
adults; in contrast, they found that older adults performed worse 
in associative recognition of unitized face pairs compared with 
unrelated face pairs, which was attributed to that unitization pro- 
cesses were impaired in the older adults. In contrast, Ahmad, 
Fernandes, and Hockley (2015), Bastin et al. (2013) demonstrated 
that age differences in associative memory were significantly 
reduced under unitized encoding condition. Unfortunately, two 
of these studies did not reliably estimate the independent con- 
tributions of familiarity and recollection to associative recognition 
in older adults (e.g., Ahmad et al., 2015; Jager et al., 2010). 
Although Bastin et al. (2013) found that the contribution of 
familiarity was greater in the unitized condition than in the non- 
unitized condition in older adults in a receiver operating character- 
istics (ROCs) analysis, their analysis was exploratory as the number 
of trials was small for a standard ROCs analysis. 

The present study was designed to further explore whether 
age-related associative memory deficits could be alleviated when 
stimuli could be unitized during a study phase. In addition, it 
was designed to discern whether improved associative recognition 
performance was accompanied by enhanced engagement of famil- 
iarity-related retrieval processes. To this end, we compared the 
associative recognition of compound words with unrelated word 
pairs in young and older adults. The compound words used repre- 
sent pre-experimental associations, are considered to reflect a sin- 
gle unit (Rhodes & Donaldson, 2007), and hence are well-suited to 
create a unitized condition (Ahmad et al., 2015; Giovanello et al., 
2006). 

Event-related potentials (ERPs) provide an effective way to 
record the time course of processes associated with episodic mem- 
ory retrieval. ERP studies of young adults have identified several 
old/new effects characterized by more positive-going deflections 
for correctly classified old items than correctly rejected new items. 
The early frontal old/new effect, maximal at bilateral frontal scalp 
between around 300 and 500ms, has been thought to reflect 


familiarity-based recognition (Friedman & Johnson, 2000; Rugg & 
Curran, 2007; but see Paller, Voss, & Boehm, 2007), and the parietal 
old/new effect maximal at left parietal regions and occurring 
between 500 and 800 ms is believed to reflect recollection-based 
recognition (Rugg & Curran, 2007). Finally, the late right frontal 
old/new effect that occurs between about 800 and 1600 ms has 
been associated with post-retrieval monitoring and evaluation 
processes and is likely linked to executive function of right pre- 
frontal cortex (Friedman, 2013; Hayama, Johnson, & Rugg, 2008). 

In a standard associative recognition task, the participants were 
asked to remember the compound words or unrelated word pairs 
as associations during an initial study phase. During a subsequent 
test phase, they were required to judge whether the presented 
word pairs were intact, rearranged, or new while electroen- 
cephalogram (EEG) was recorded. Behaviorally, we predicted that 
age differences would be smaller for associative recognition of 
compound words than for unrelated word pairs. For the ERP 
results, due to the enhanced contribution of familiarity to recogni- 
tion of unitized word pairs and relatively preserved familiarity in 
older adults (Friedman, 2013; Koen & Yonelinas, 2014), we 
expected that the compounds would evoke greater early frontal 
old/new effect than did unrelated word pairs for both young and 
older adults. Further, as the older adults showed impaired recollec- 
tion (Friedman, 2013; Wang et al., 2012; Yonelinas, 2002) and 
post-retrieval monitoring processes (McDonough, Wong, & Gallo, 
2013; Trott, Friedman, Ritter, Fabiani, & Snodgrass, 1999; 
Yonelinas, 2002), we expected that the left parietal and late right 
frontal old/new effects would be significantly reduced for unre- 
lated word pairs for older adults than for young adults. We also 
expected that both age groups would show similar left parietal 
and later right frontal old/new effects under the unitized condition, 
as the unitized representations might be relatively easy to be 
formed and retrieved for compounds. 


2. Materials and methods 
2.1. Participants 


Twenty-five right-handed healthy young (age range 19-27 
years) and 24 older (age range 61-76 years) adults participated 
in the study. Years of education were matched between groups. 
Demographic characteristics of the participants are presented in 


Table 1 
Demographic characteristic and neuropsychological performance of young and old 
participants (mean and standard deviations). 


Young Old (n=24) p° Cohen’s 
(n = 25) d 
Age 21.80 (2.16) 69.54 (4.50) - - 
Gender (Male/Female) 13/12 15/9 - - 
Education (years) 15.72 (1.67) 15.38 (1.56) ns 0.21 
MMSE - 28.83 (1.13) - - 
Block design test 43.4 (4.49) 34.96 (6.42) <.001 1.54 


Digit span forward 
Digit span backward 
Trail making (seconds) 


8.80 (1.04) 7.54 (1.18 <.001 1.13 
6.76 (1.54) 5.04 (1.33 <.001 1.19 
9.59 (8.06) 31.66 <.001 1.16 


Logic memory-immediate 

Logic memory-delayed 

Paired-association 
learning 

Vocabulary test 

Category fluency test 

Written fluency test 


12.14 (3.21) 9.52 (2.12 .002 0.96 
10.88 (2.82) 7.96 (2.11 <.001 1.17 
6.06 (1.71) 4.60 (2.17 .012 0.75 


56.32 (6.55) 54.29 (5.65) ns 0.33 
27.96 (6.45) 26.79 (6.05) ns 0.19 
6.56 (2.20) 6.67 (2.35) ns 0.04 


* Independent samples two-tailed t-tests. ns: not significant. MMSE: Mini-Mental 
Status Examination. Trail making scores were obtained by Trail making B minus 
Trail making A. 
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Table 1. All participants were native Chinese speakers with normal 
or corrected-to-normal vision and were free from neurological and 
psychiatric disorders. Each participant provided informed consent 
and was paid for participation. The study was approved by the 
Ethics Committee of the Institute of Psychology, Chinese 
Academy of Sciences. 


2.2. Neuropsychological assessment 


All the subjects completed a battery of neuropsychological 
tests. The tests were administered in a separate 1h session. The 
older participants were first given the Mini-Mental State test 
(MMSE) (Folstein, Folstein, & Fanjiang, 2001) as a preliminary 
screening measure, and a minimum score of 26/30 was required. 
The battery was comprised of Block Design Test (Wechsler, 
1981), Digit Span Forward and Digit Span Backward (Wechsler, 
1981), Trail Making Tests A and B (Reitan, 1992), Logic Memory 
Immediate and Delayed Recall (Wechsler, 1987), Paired- 
Association Learning Test (PALT) from the Clinical Memory Scale 
(Xu & Wu, 1986), Vocabulary Test (Wechsler, 1981), Category 
Fluency Test (CFT) (Spreen & Strauss, 1998), and Written Fluency 
Test (WFT). To accommodate the use of Chinese characters, the 
WFT was scored as total number of characters for each radical 
component (4+ ) provided in 60 s. These tests were used to assess 
visuospatial ability, working memory, executive functions, episo- 
dic memory, and semantic memory. Older participant who per- 
formed within the normal range of each test (Mean +1 SD) were 
included in the study. 


2.3. Materials 


The stimuli consisted of 144 compound words and 144 unre- 
lated word pairs, the components of which were 2-character 
Chinese nouns with low-to-high word frequency (range 1-472 
occurrences per million) selected from the Dictionary of Modern 
Chinese words in Common Use (Liu et al., 1990). The mean word 
frequency for the compounds and unrelated pairs was matched 
(58.6 and 61.5 per million, respectively). 

These word pairs made up 288 “complementary pairs”. Each 
compound pair had its complementary partner, an unrelated word 
pair. The complementary pairs could be rearranged to form a new 
compound and a new unrelated word pair. For example, compound 
word A-B (e.g., ‘7s fié-# if’ meaning ‘Greek-mythology’) and unre- 
lated word pair C-D (e.g., ‘Wthji-3¢ RF’ meaning ‘pool-letter’) could 
be rearranged to compound A-D (e.g, ‘IS-F meaning 
‘Greek-letter’) and unrelated word pair C-B (e.g., ‘Yih#i-#"’ mean- 
ing ‘pool-mythology’). The word pairs A-D and C-B were desig- 
nated to appear in the subsequent test phase as rearranged pairs. 

The degree to which word pairs can be unitized was assessed in 
a questionnaire rating. Ten young adults (6 male, mean age 
22.6 years, mean education 15.8 years) and 10 older adults (4 male, 
mean age 70.3 years, mean education 16.6 year), none of whom 
subsequently participated in the formal ERP experiment, were 
involved in this rating. Based on previous studies (Kriukova, 
Bridger, & Mecklinger, 2013; Rhodes & Donaldson, 2007), partici- 
pants were asked to judge how well the two words could be bound 
into a single new concept using a scale from 1 (lowest ratings) - 7 
(highest ratings). The rating results of unitization are shown sepa- 
rately for each group as a function of types of word pairs in Table 2. 
Pairwise contrasts revealed that compounds were rated more uni- 
tized than unrelated word pairs for both age groups (ps < .001). 

The formal experiment was divided into 16 blocks. Each block 
began with a study phase, and then a distracter task was per- 
formed followed by a test phase. Each study phase comprised 14 
word pairs including 2 untested buffers separately presented at 
the beginning and end of the study list and 12 target pairs, in 


Table 2 
Questionnaire rating results of stimuli (mean and standard deviations). 
Subjects Type of word pairs Unitization 
Young Compound words 6.52 (0.28) 
Unrelated pairs 1.62 (0.54)* 


(0.54) 
Older Compound words 6.58 (0.31) 
Unrelated pairs 1.38 (0.35) 


* Paired-sample t-test between compounds and unrelated pairs for each age 
group (p < .001). 


which 6 pairs (including 3 compounds and 3 unrelated pairs) 
appeared as intact pairs and 6 complementary pairs formed rear- 
ranged pairs (also including 3 compounds and 3 unrelated pairs). 
Each test phase comprised 20 word pairs including 2 fillers at 
the foremost and 18 target pairs, in which 6 pairs were presented 
the same as in the study phase (intact pairs), 6 pairs consisting of 
words not presented together in the study phase (rearranged pairs) 
and 6 pairs not previously presented (new pairs). For each type of 
test pairs, half is compound words and the other half is unrelated 
word pairs. The word pairs were pseudo-randomized presented 
and the same type of word pair was not presented more than three 
times consecutively. The types of test pairs were rotated to ensure 
that every word pair was presented equally often as intact, rear- 
ranged, or new. There were a total of 144 trials during the test 
phase (48 intact, 48 rearranged, and 48 new pairs) for each type 
of word pairs. 

The order of individual study-test blocks were counterbalanced 
across participants. Each participant first completed a practice ses- 
sion including 12 word pairs at study and 18 items at test to famil- 
iarize with the procedure prior to the start of the formal 
experiment. None of the practice stimuli appeared during the sub- 
sequent study or test phases. 


2.4. Procedures 


The experiment was designed using E-Prime (Psychology 
Software Tools). All word pairs were displayed in white font 
against a black background, and were presented one above the 
other slightly above and below central vision on a computer moni- 
tor at a viewing distance of approximately 100 cm with stimuli at a 
visual angle of 2.3° x 2.6°. 

Fig. 1 illustrates the procedures of study and test phases. During 
each study phase, each trial began with a fixation cross (+) dis- 
played in the center of the screen for 800 ms. A word pair was then 
presented for 5000 ms followed by a 500-800 ms blank screen. 
Participants were instructed to remember the words as an associa- 
tion for a subsequent test. There was a distracter task between 
study phase and test phase during which participants needed to 
count backward by threes for 60 s. During each test phase, each 
trial began with a fixation cross presented for 800 ms followed 
by a word pair with a maximum presentation time of 4000 ms. 
Participants were instructed to indicate whether the word pair 
was intact, rearranged, or new relative to the preceding study 
phase via keyboard. After a response was provided, a blank screen 
was presented for 1500-1800 ms and the next trial began. 

Participants were asked to respond as quickly and accurately as 
possible, and the key-response mappings were counterbalanced. 
Half of participants made responses of “old and “rearranged” by 
pressing the key “F” and “D” under the index and middle fingers 
of the left hand, and of “new” by pressing the key “J” under the 
index fingers of the right hand. The other half of participants 
responded “old” and “rearranged” by pressing the key ‘J’ and ‘K’ 
under the index and middle fingers of the right hand, and “new” 
by pressing the key “F” under the index fingers of the left hand. 
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500-800 ms 


800 ms 5000 ms 


Study i 


Unrelated 
word pair 


Compound 
word 


Test Phase ee 


ee 


Intact pair 


1500-1800 ms 


800 ms 4000 ms 


Rearranged pair 


New pair 


Fig. 1. Stimuli and experimental design. During the study phase, the examples of word pairs mean ‘Apple-Pencil’, ‘Pool-Letter’, and ‘Greek-Mythology’, respectively; during 
the test phase, the examples of word pairs mean ‘Apple-Pencil’, ‘Greek-Letter’, and ‘Watch-Banana’, respectively. 


To minimize EEG artifacts, they were also instructed to maintain 
fixation, and to relax, to avoid making head motions and eye- 
movements other than blinks. 


2.5. EEG recording and processing 


EEG was recorded using the Neuroscan system (http://www. 
neuroscan.com), from 62 Ag/AgCl electrodes embedded in an elas- 
tic cap based on an extended version of the international 10-20 
system. Vertical and horizontal electrooculogram (EOG) were 
recorded with electrodes placed above and below the left eye 
and on the outer canthi of both eyes. All scalp electrodes were 
referenced online to the left mastoid and re-referenced offline to 
the average of the left and the right mastoids. Data were digitally 
sampled at a rate of 500 Hz and filtered with a band-pass of 
0.05-40 Hz. Electrode impedance was kept below 5 KQ. 

EEG data from the test phase were separated into 1700 ms 
epochs, including 200 ms prior to stimulus onset for baseline cor- 
rection. Epochs with amplitude exceeding +75 uV relative to the 
200 ms baseline were rejected. Trials with correct responses free 
from ocular and movement artifacts were used to average the 
ERPs. A minimum of 16 artifact free trials in each response cate- 
gory was required from each participant to ensure an acceptable 
signal-to-noise ratio. 

In accordance with previous ERP studies of associative recogni- 
tion (Bader et al., 2010; Kriukova et al., 2013; Rhodes & Donaldson, 
2007; Wiegand, Bader, & Mecklinger, 2010), our ERP analyses 
focused on old/new effects between intact and new word pairs. 
The role of rearranged pairs was to ensure that participants made 
their responses based on associative recognition rather than item 
recognition (Kriukova et al., 2013) and this type of test pairs was 
not included in analyses of ERP data. The mean number of trials 
contributing to the grand average ERPs were: young compounds: 
intact (37) and new (37); young unrelated word pairs: intact (37) 
and new (38); older compounds: intact (36) and new (38); older 
unrelated word pairs: intact (32) and new (38). 


2.6. Data analyses 


2.6.1. Behavioral data 

The accuracy and response times (RT) data of correct responses 
were subjected to repeated-measures analyses of variance 
(ANOVA) with the between-subjects factor of group (young, old), 
and the within-subjects factors of response (intact, rearranged, 
and new) and condition (compounds, unrelated word pairs). 

Furthermore, in order to strictly compare associative perfor- 
mance between the two groups and the two conditions, we 


reported two more direct indexes for associative memory. One is 
the discrimination accuracy (associative Pr), which was computed 
by subtracting false alarm rates to rearranged pairs from hit rates 
to intact pairs. The other is the adjusted hit rate with taking all 
three response categories into account, which was calculated by 
the proportion of intact pairs correctly classified as “intact” to 
the total number of intact pairs presented, multiplied by the pro- 
portion of intact pairs correctly classified as “intact” to the total 
number of word pairs classified as “intact” (Wagner, 1993). 

The associative Pr and adjusted hit rate were analyzed with 
ANOVAs employing the between-subjects factor of group (young, 
older), and the within-subjects factor of condition (compounds, 
unrelated word pairs). 


2.6.2. ERP data 

Regarding the ERP data, repeated measures ANOVAs were con- 
ducted on the mean amplitude data relative to the pre-stimulus 
baseline period. 

Based on visual inspection of the grand average waveforms and 
previous studies (Jager et al., 2006; Rhodes & Donaldson, 2007, 
2008), the ERP old/new effects were quantified by calculating the 
mean amplitudes over three consecutive time windows of 
250-400 ms, 400-700 ms, and 700-1300 ms. These time windows 
were to characterize the frontal old/new effect, the parietal old/ 
new effect, and the late old/new effect, respectively. The ANOVAs 
of these old/new effects were performed over four scalp regions, 
each composed of an average of data from 3 electrode sites: left 
frontal (F1, F3, F5), right frontal (F2, F4, F6), left parietal (P1, P3, 
P5), and right parietal (P2, P4, P6). The electrode sites used for 
the analyses were illustrated in Fig. 2. 

Initial repeated measures ANOVAs with the within-subjects fac- 
tors of condition (compounds, unrelated word pairs), response 
(intact, new), location (frontal, parietal), and hemisphere (left, 
right) were performed on the average amplitudes separately for 
each age group. A second level of ANOVAs was conducted sepa- 
rately on compounds and unrelated word pairs when there were 
significant interactions involving the factors of response and condi- 
tion. For interactions involving the factor of response under each 
condition, follow-up analyses were further used to quantify the 
old/new effects at frontal and parietal locations. For the sta- 
tistically reliable old/new effects, between-condition or between- 
group comparisons were directly conducted with planned t-tests 
on the old/new difference waveforms (intact minus new) as neces- 
sary. Topographic analyses were conducted on difference wave- 
forms (intact minus new) rescaled by the vector length method 
(McCarthy & Wood, 1985; Wilding, 2006) to examine condition 
or group differences in scalp topographies for the reliable old/ 
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Fig. 2. Schematic maps of 62 electrode sites with the highlighted sites used to ERP 
analyses. The regions of LF (left frontal: F1, F3, F5), RF (right frontal: F2, F4, F6), LP 
(left parietal: P1, P3, P5) and RP (right parietal: P2, P4, P6) were used to analyze the 
old/new effects of 250-400 ms, 400-700 ms and 700-1300 time windows. Each 
scalp region composed of an average of data from 3 electrode sites. 


new effects. Topographical maps depicting old/new effects were 
formed by subtracting ERPs of new pairs from ERPs of intact pairs. 

The Greenhouse-Geisser correction for non-sphericity of data 
was applied as necessary. The uncorrected degree of freedom, cor- 
rected p-values, and effect size (15) are reported. For all analyses, 
the significance level was set to .05. 


3. Results 
3.1. Neuropsychological test performance 


The results of all neuropsychological tests are displayed in 
Table 1. The results showed that older adults performed worse in 
tests of WAIS block design, immediate and delayed story recall, 
PALT, digit span forward and backward, and trail making, whereas 
they performed the same as the young in tests of vocabulary and 
fluency, indicating that aging was associated with decline in 
visuospatial ability, long-term memory, working memory span, 
and executive functions, but with preserved verbal comprehension 
and production. 


3.2. Behavioral results 


3.2.1. Accuracy data 
Mean accuracy for each condition as a function of three 
response categories for each age group are presented in Table 3. 


Table 3 


ANOVA revealed a three-way response x condition x group inter- 
action [F(2,94) = 12.20, p < .001, 75 =.21], and subsidiary ANOVAs 
were conducted separately on intact, rearranged, and new 
responses. 

Subsidiary ANOVA for intact responses revealed a condi- 
tion x group interaction [F(1,47)= 17.89, p<.001, TF = 28]. 
Follow-up analyses revealed smaller age differences in associative 
memory performance of compounds compared to unrelated word 
pairs [compounds: F(1,47) = 3.30, p =.076; unrelated word pairs: 
F(1,47) = 12.87, p<.001]. Subsidiary ANOVA for rearranged 
responses revealed a condition x group interaction [F(1,47) 
= 6.75, p=.012, n? =.13]. Follow-up analyses revealed that rear- 
ranged pairs of both conditions were more difficult to reject for 
older than for young adults [compounds: F(1,47)= 81.53, 
p<.001; unrelated word pairs: F(1,47)= 54.32, p<.001]. 
Subsidiary ANOVA for new responses revealed a main effect of 
group [F(1,47) = 10.85, p =.002, n; =.19], revealing that the new 
pairs were also more difficult to reject for older than for young 
adults. 


3.2.2. Discrimination accuracy 

The mean associative Pr for each condition in young and older 
adults is shown in Fig. 3A. ANOVASs revealed a condition x group 
interaction [F(1,47) = 5.15, p =.028, 75 =.10]. Follow-up analyses 
revealed that the older adults performed better in compound con- 
dition than in unrelated word pair condition [F(1,47)= 13.66, 
p=.001], whereas young adults showed no significant difference 
between the two word pair condition [F< 1]. Importantly, the 
results showed smaller age differences in associative Pr of com- 
pounds [age differences: .248, F(1,47) = 45.18, p < .001] compared 
to unrelated word pairs [age differences: .307, F(1,47) = 70.92, 
p < .001] (see Fig. 3A). 


3.2.3. Adjusted hit rate 

As shown in Fig. 3B, the adjusted hit rate analyses revealed 
same pattern as the findings from the analyses of associative Pr. 
Specifically, ANOVAs revealed a condition x group interaction [F 
(1,47) = 7.59, p=.008, n; =.14]. Follow-up analyses revealed 
greater adjusted hit rate in compound condition than in unrelated 
word pair condition for older adults [F(1,47) = 19.94, p < .001], but 
no significant difference between the two conditions for young 
adults [F<1]. In addition, follow-up analyses revealed smaller 
age differences in compound condition [age differences: .189, F 
(1,47) = 41.62, p < .001] relative to unrelated condition [age differ- 
ences: .249, F(1,47) = 53.12, p < .001]. 


3.2.4, Response times 

Concerning response times (see Table 3), ANOVA revealed a 
three-way response x condition x group interaction [F(2,94) 
= 5.18, p = .008, 7; = .10], and subsidiary ANOVAs were conducted 
separately on intact, rearranged, and new responses. 

For intact responses, subsidiary ANOVA revealed a condi- 
tion x group interaction [F(1,47)=21.76, p<.001, n =.32]. 
Follow-up analyses revealed smaller age differences for com- 
pounds [327 ms; F(1,47) = 32.63, p < .001] than for unrelated word 


Mean accuracy and mean response time for each response category and type of word pairs in young and older adults (standard error of the mean). 


Compound words 


Unrelated word pairs 


Group Intact Rearranged New Intact Rearranged New 
Accuracy Young 0.94 (0.02) 0.82 (0.02) 0.93 (0.01) 0.92 (0.02) 0.88 (0.02) 0.96 (0.01) 

Older 0.90 (0.02) 0.50 (0.03) 0.87 (0.02) 0.76 (0.03) 0.64 (0.03) 0.92 (0.02) 
RT (ms) Young 1094 (32) 1709 (50) 1165 (40) 1281 (40) 1628 (53) 1208 (51) 

Older 1421 (48) 2411 (57) 1628 (62) 1783 (55) 2388 (62) 1659 (68) 
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Fig. 3. Panel A shows the mean associative Pr for compounds and unrelated word pairs in young and older adults. Panel B shows the mean adjusted hit rate for compounds 
and unrelated word pairs in young and older adults. Error bars represent within-subject 95% confidence intervals for each word pair condition, calculated separately for each 


age group (Loftus & Masson, 1994). 


pairs [502 ms; F(1,47)= 55.57, p<.001]. Subsidiary ANOVA for 
rearranged and new responses both revealed a main effect of group 
[rearranged: F(1,47)=95.53, p<.001, n =.67; new: F(1,47) 
= 35.67, p < .001, 1% = .43], revealing slower response times to rear- 
ranged and new pairs for older than for young adults. 

These results suggested that older adults performed better on 
associative recognition for compounds than for unrelated word 
pairs, and age-related associative memory deficits were reduced 
under the unitization condition. 


3.3. ERP results 


The grand average ERPs evoked by correct responses to intact 
and new word pairs for compounds and unrelated word pairs are 
shown for the young in Fig. 4 and the older adults in Fig. 5. The 
ERP data were divided into three consecutive time windows of 


250-400 ms, 400-700 ms, and 700-1300 ms to quantify the old/ 
new effects. The first two time windows are related to bilateral 
frontal and left parietal old/new effects respectively; the third time 
window is used to analyze the late ERP old/new effects. 


3.3.1. 250-400 ms 

3.3.1.1. Young adults. As can be seen in Fig. 4, analyses of this time 
window revealed that both types of word pairs evoked a bilateral 
frontal old/new effect in young adults. The initial ANOVAs revealed 
a main effect of response [F(1,24)=70.43, p<.001, ni =.75], 
revealing significant old/new differences, with more positive-going 
ERPs for intact pairs than for new pairs. No significant interactions 
involving the factors of condition, location, or hemisphere [Fs < 1] 
were identified, indicating widespread old/new effects for both 
compounds and unrelated word pairs. The mean amplitude of 
the bilateral frontal old/new effect for compounds and unrelated 
word pairs are showed in Fig. 6A. 
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Fig. 4. Young participants: grand average ERPs depicting old/new effects for correct responses to intact (black) and new (red) word pairs for compound words and unrelated 
word pairs at selected electrodes which are indicated by the insert, showing from —200 to 1500 ms. Scale bars indicate the time windows used for statistical analyses (250- 
400 ms, 400-700 ms and 700-1300 ms windows). Positive voltages are plotted upwards. (For interpretation of the references to colour in this figure legend, the reader is 


referred to the web version of this article.) 
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Fig. 5. Older participants: grand average ERPs depicting old/new effects for correct responses to intact (black) and new (red) word pairs for compound words and unrelated 
word pairs at selected electrodes which are indicated by the insert, showing from —200 to 1500 ms. Scale bars indicate the time windows used for statistical analyses (250- 
400 ms, 400-700 ms and 700-1300 ms windows). Positive voltages are plotted upwards. (For interpretation of the references to colour in this figure legend, the reader is 


referred to the web version of this article.) 
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Fig. 6. Bilateral frontal old/new effect (250-400 ms). Panel A shows the mean amplitude of the early frontal old/new effects (correct intact minus correct new) under 
compound and unrelated word pair conditions, which represent collapsed activity over six frontal electrodes, are illustrated separately for young adults and older adults. 
Error bars represent within-subject 95% confidence intervals for each word pair condition, calculated separately for each age group (Loftus & Masson, 1994); Panel B shows 
the topographical maps of old/new effects for compounds and unrelated word pair conditions, which were formed by subtracting ERPs of correct new pairs from ERPs of 
correct intact pairs, are illustrated separately for young adults and older adults. The scale bar shows amplitude range. 


Topographic analyses were performed on the rescaled differ- 
ence waveforms (intact minus new) using ANOVA with the factors 
of condition (compounds, unrelated word pairs), location (anterior, 
posterior), and hemisphere (left, right) to examine condition differ- 
ences in the neural generators of the early old/new effects. The 
results showed no significant interaction between condition and 
location or hemisphere. The topographic maps of the old/new dif- 
ferences during this time window for compounds and unrelated 
word pairs are illustrated in Fig. 6B. 


3.3.1.2. Older adults. As can be seen in Fig. 5, analyses of this time 
window revealed a bilaterally distributed old/new effect over fron- 
tal scalp regions only for compounds in older adults. The initial 
ANOVAs revealed a main effect of response [F(1,23)= 6.09, 


p=.021, n; =.21], and a two-way interaction between response 
and condition [F(1,23)=6.58, p=.017, 5 =.22]. Subsidiary 
ANOVAs were conducted separately on compounds and unrelated 
word pairs (see Table 4 for a second level of ANOVA results). 
Follow-up analyses of compounds revealed that the old/new 
effects were greater at the frontal location [F(1,23)= 15.22, 
p=.001] than at the parietal location [F(1,23)=5.15, p =.033]. 
Analyses of unrelated word pairs showed no significant old/new 
differences at any scalp regions. The above results indicated that 
only compound words evoked significant bilateral frontal old/ 
new effects for older adults. 


3.3.1.3. Between-group analyses. A planned between-group com- 
parison was conducted on the frontal old/new difference 
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Table 4 
Significant ANOVA results in each time window for young and older adults. 
Group Time window Condition Effect df F p n 
Young 400-700 ms Compounds R 1.24 20.69 <.001 AG 
Unrelated pairs R 1.24 27.97 <.001 54 
RxLxH 1.24 12.60 002 34 
700-1300 ms Compounds RxL 1.24 9.46 005 28 
RxH 1.24 10.04 004 30 
Unrelated pairs R 1.24 21.97 <.001 48 
RxH 1.24 5.06 034 17 
RxL 1.24 10.14 004 30 
RxHxL 1.24 6.12 021 20 
Older 250-400 ms Compounds R 1.23 12.42 .002 35 
RxL 1.23 6.58 017 .22 
400-700 ms Compounds R 1.23 45.33 <.001 .66 
RxHxL 1.23 12.84 .002 36 
Unrelated pairs R 1.23 10.60 .003 32 
RxH 1.23 14.33 .001 38 
RxHxL 1.23 13.08 .001 36 
700-1300 ms Compounds RxL 1.23 5.11 .034 18 
Unrelated pairs RxL 1.23 9.07 .006 .28 
RxH 1.23 12.90 .002 .36 
RxHxL 1.23 5.67 .026 .20 


Note: R = response (intact, new); L= location (frontal, parietal); H = hemisphere (left, right). 


waveforms (intact minus new, collapsed over F1, F3, F5, F2, F4, and 
F6) to directly explore the group differences in the size of frontal 
old/new effects evoked by compounds. Though the mean ampli- 
tude was greater for young than for older adults, the results 
revealed no significant group differences (t(47)= 1.70, p=.10, 
Cohen’s d = 0.49) (see Fig. 6A). 

Topographic analyses were performed on rescaled differences 
waveforms (intact minus new) using ANOVAs with the between- 
subjects factor of group (young, old) and the within-subjects fac- 
tors of location (anterior, posterior) and hemisphere (left, right) 
to investigate group differences in scalp topographies for the old/ 
new effects evoked by the compounds. The results revealed a mar- 
ginally significant group x location interaction [F(1,47)= 3.99, 
p = .052, n; = .08], revealing more widely distributed old/new dif- 
ferences for young adults than for older adults. The early frontal 
old/new effects were not observed for the unrelated word pairs 
in older adults, so the between group contrasts in mean amplitude 
or topographic maps were not conducted for this condition. The 
topographic maps of the old/new differences during this time win- 
dow for compounds and unrelated word pairs are illustrated in 
Fig. 6B. 


3.3.2. 400-700 ms 

3.3.2.1. Young adults. As can be seen in Fig. 4, analyses of this time 
window revealed that both types of word pairs evoked old/new 
effects over left parietal scalp region in young adults. The initial 
ANOVAs revealed a three-way response x hemisphere x location 
interaction [F(1,47)=9.68, p=.005, 5 =.29], and a marginal 
four-way response x condition x hemisphere x location interac- 
tion [F(1,47) = 3.28, p = .083, n} = -12]. 

Subsidiary ANOVAs were conducted separately on compounds 
and unrelated word pairs (see Table 4). ANOVAs conducted on 
compounds revealed a widespread positivity across the scalp 
regions, with greater positivity at the parietal location than that 
at the frontal location, though the response x location interaction 
was not significant. For unrelated word pairs, follow-up analyses 
revealed a greater old/new effect at the left hemisphere [F(1,24) 
=26.69, p<.001] than that at the right hemisphere [F(1,24) 
= 16.53, p < .001] at parietal location. The old/new differences at 
frontal location were also statistically significant [F(1,24) = 22.65, 
p < .001]. 


A planned between-condition comparison of the size of left 
parietal effects (collapsed over P1, P3, and P5) revealed no signifi- 
cant condition differences (t(24)= 0.558, p=.582, Cohen’s 
d=0.11), indicating that two types of word pairs evoked similar 
old/new effects at parietal sites (see Fig. 7A). Topographic analyses 
revealed no significant interaction between condition and location 
or hemisphere. The topographic distribution of the old/new differ- 
ences for compounds and unrelated word pairs are illustrated in 
Fig. 7B. 


3.3.2.2. Older adults. As can be seen in Fig. 5, analyses of this time 
window revealed greater positivity over left parietal regions for 
compounds than unrelated word pairs in older adults. The initial 
ANOVAs revealed a response x condition interaction [F(1,23) 
= 5.03, p=.035, n =.18]. Subsidiary ANOVAs were conducted 
separately on compounds and unrelated word pairs (see Table 4). 
Follow-up analyses of compounds revealed a significant old/new 
effect over parietal sites [F(1,23)= 40.06, p<.001, nê = 64]. At 
frontal location, the results revealed a greater old/new effect at 
the right hemisphere [F(1, 23) = 33.36, p < .001] than that at the left 
hemisphere [F(1,23) = 15.93, p = .001]. Follow-up analyses of unre- 
lated word pairs revealed a smaller parietal old/new effect at the 
left hemisphere [F(1,23)= 4.77, p=.039] than that at the right 
hemisphere [F(1,23)= 16.06, p=.001]. At frontal location, there 
was a Significant old/new effect at the right hemisphere [F(1,23) 
= 16.36, p < .001]. 

A planned between-condition comparison of the size of left 
parietal effects revealed that the left parietal old/new effect was 
greater for compounds compared with unrelated word pairs (t 
(23) = 2.648, p =.014, Cohen’s d = 0.54) (see Fig. 7A). Topographic 
analyses showed no significant interaction between condition 
and location or hemisphere. The topographic distribution of the 
old/new differences for compounds and unrelated word pairs are 
illustrated in Fig. 7B. 


3.3.2.3. Between-group analyses. A planned between-group com- 
parison of compounds revealed similar magnitude of left parietal 
effects for both groups (t(47) = 1.664, p=.103, Cohen’s d = 0.48). 
Analysis of unrelated word pairs revealed greater left parietal 
old/new effects for young compared to older adults (t(47) 
= 3.312, p=.002, Cohen’s d=0.95) (see Fig. 7A). Topographic 
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Fig. 7. Left parietal old/new effect (400-700 ms). Panel A shows the mean amplitude of the left parietal old/new effects (correct intact minus correct new) under compound 
and unrelated word pair conditions, which represent collapsed activity over three left parietal electrodes, are illustrated separately for young adults and older adults. Error 
bars represent within-subject 95% confidence intervals for each word pair condition, calculated separately for each age group (Loftus & Masson, 1994); Panel B shows the 
topographical maps of old/new effects for compound and unrelated word pair conditions, which were formed by subtracting ERPs of correct new pairs from ERPs of correct 
intact pairs, are illustrated separately for young adults and older adults. The scale bar shows amplitude range. 


analyses of compounds revealed a significant group x location 
interaction [F(1,47) = 5.86, p = .019, 7; = .11], indicating more pos- 
terior distribution of old/new differences for the young than for 
older adults. Topographic analyses of unrelated word pairs 
revealed a significant group x hemisphere interaction [F(1,47) 
= 6.54, p = .014, n; = .12], reflecting more left-lateralized posterior 
old/new effects for the young than for older adults (see Fig. 7B). 


3.3.3. 700-1300 ms 

3.3.3.1. Young adults. As can be seen in Fig. 4, analyses of this time 
window revealed that both types of word pairs evoked an old/new 
effect over right frontal sites in young adults. The initial ANOVAs 
revealed a response x condition interaction [F(1,24) = 12.26, 
p = .002, n; = .34]. Subsidiary ANOVAs were conducted separately 
on compounds and unrelated word pairs (see Table 4). Follow-up 
analyses of compounds only revealed a significant old/new effect 
at right frontal sites [F(1,24) = 6.27, p = .019]. Follow-up analyses 
of unrelated word pairs revealed a greater positivity over right 
frontal [F(1,24) = 37.72, p < .001] than that over left frontal region 
[F(1,24) = 14.67, p =.001]. 

The above results demonstrated significant right frontal old/ 
new effects for both compounds and unrelated word pairs. As 
can be seen in Fig. 8A, the right frontal effects were greater for 
unrelated word pairs than for compounds, which was confirmed 
by a planned between-condition comparison that directly com- 
pared the mean amplitude of right frontal old/new difference 
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waveforms (collapsed over F2, F4, and F6) (t(24) = 3.47, p = .002, 
Cohen’s d=0.69). Topographic analyses revealed no significant 
interaction between condition and other factors. The topographic 
distribution of the old/new differences for compounds and unre- 
lated word pairs are illustrated in Fig. 8B. 


3.3.3.2. Older adults. As can be seen in Fig. 5, analyses of this time 
window revealed significant right frontal old/new effect for both 
types of word pairs in older adults. However, in contrast to com- 
pounds, unrelated word pairs also evoked left lateralized negative 
activity. The initial ANOVAs revealed a marginally significant 
response x condition interaction [F(1,23)=3.75, p=.065, 
n =.14]. Subsidiary ANOVAs were conducted separately on com- 
pounds and unrelated word pairs (see Table 4). Follow-up analyses 
of compounds only revealed a significant old/new effect at frontal 
location [F(1,23) = 4.29, p = .05]. For unrelated word pairs, follow- 
up analyses revealed significant positive-going ERPs for intact pairs 
at right frontal sites [F(1,23) = 6.52, p =.018]. At parietal location, 
there was a significant negativity for intact pairs at left hemisphere 
region [F(1,23) = 5.42, p = .029]. These results revealed a significant 
positivity at frontal scalp region for compounds, but a combination 
of positive activity at right frontal region and negative activity at 
left posterior scalp for unrelated word pairs. 

A planned between-condition comparison on the right frontal 
old/new effect revealed similar positive activity between com- 
pounds and unrelated word pairs (t(23)= 0.42, p=.675, Cohen’s 
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Fig. 8. Late old/new effects (700-1300 ms). Panel A shows the mean amplitude of the right frontal old/new effects (correct intact minus correct new) under compound and 
unrelated word pair conditions, which represent collapsed activity over three right frontal electrodes, are illustrated separately for young adults and older adults. Error bars 
represent within-subject 95% confidence intervals for each word pair condition, calculated separately for each age group (Loftus & Masson, 1994); Panel B shows the 
topographical maps of late old/new effects for compound and unrelated word pair conditions, which were formed by subtracting ERPs of correct new pairs from ERPs of 
correct intact pairs, are illustrated separately for young adults and older adults. The scale bar shows amplitude range. 


68 Z. Zheng et al. / Neurobiology of Learning and Memory 121 (2015) 59-71 


d=0.08) (Fig. 8A). Topographic analyses revealed no significant 
interaction between condition and other factors. The topographic 
maps of the old/new differences during this time window for com- 
pounds and unrelated word pairs are illustrated in Fig. 8B. 


3.3.3.3. Between-group analyses. For compounds, a planned 
between-group comparison revealed equivalent right frontal 
effects evoked by compounds for both groups (t(47)= 0.148, 
p =.883, Cohen’s d = 0.04). However, there were significant group 
differences for unrelated word pairs (t(47)=3.19, p=.003, 
Cohen’s d = 0.91), reflecting decreased right frontal old/new effects 
evoked by unrelated word pairs for older adults compared with 
young adults (see Fig. 8A). Topographic analyses of compounds 
and unrelated word pairs both revealed no significant interaction 
between group and other factors (see Fig. 8B). 


3.4. Correlation analyses 


The ERP results showed that the compound words evoked bilat- 
eral frontal old/new effect, indicating that unitization may enhance 
the engagement of familiarity-related processes in associative 
recognition. In order to explore whether the familiarity-related 
old/new effect for compound words could reflect the processes 
involved in associative recognition, we performed correlation 
analyses between the mean amplitudes of early bilateral frontal 
old/new effect (collapsed over F1, F3, F5, F2, F4, and F6) and the 
two indexes of associative memory for compound words across 
both age groups respectively, with age group as a covariate to 
avoid the potential influences from between-group differences on 
the correlation. A trend of positive correlation was found, with 
Pearson correlation r = .29 between the associative Pr and the fron- 
tal old/new effect, which reached significant (p=.048); with 
Pearson correlation r=.21 between the adjusted hit rate and the 
frontal old/new effect, which did not reach significant (p =.16). 
To furthermore validate the specificity of the significant correla- 
tion, the correlation analysis between the mean amplitudes of left 
parietal old/new effect (collapsed over P1, P3, and P5) and the 
associative Pr for compound words were also carried out, and the 
results did not show significant correlation across both age groups 
when group was controlled (Pearson correlation: r=.18, p = .203). 
These convergent findings suggest that the engagement of famil- 
iarity-based processes may help to facilitate their associative 
recognition under unitized condition in older adults. 


4. Discussion 


The present study aimed to explore whether the unitized repre- 
sentations could reduce age-related associative memory deficits. 
The behavioral results showed that age differences were smaller 
for associative recognition of compounds than for that of unrelated 
word pairs. The reduced age-related associative memory deficits 
were accompanied by enhanced familiarity-related bilateral fron- 
tal old/new effect under the unitization condition for older adults. 


4.1. Unitization could reduce age-related associative recognition 
deficits 


Consistent with previous research in amnesic patients 
(Giovanello et al., 2006) and healthy older adults (Ahmad et al., 
2015; Bastin et al., 2013), we have provided new evidence that, 
as pre-experimentally unitized associations, compound words 
could improve associative recognition performance in older adults. 
In addition, our results are in line with other behavioral studies 
showing that semantically-related word pairs could alleviate age- 
related associative deficits as well (Naveh-Benjamin, 2000; 


Naveh-Benjamin, Craik, Guez, & Kreuger, 2005; Patterson, Light, 
Van Ocker, & Olfman, 2009). The present findings are not consis- 
tent with those of Jager et al. (2010), which showed that the age 
differences were smaller in non-unitized face pairs relative to uni- 
tized face pairs. It is likely that the beneficial effects of unitization 
on associative memory performance in older adults depend on the 
properties of the stimuli (Bastin et al., 2013). Next, we will discuss 
the ERP results and try to provide ERP evidence for why age differ- 
ences are smaller in associative recognition of compounds than in 
that of unrelated word pairs. 


4.2. Early bilateral frontal old/new effects 


Associative recognition memory was traditionally thought to 
rely solely on recollection process (Yonelinas, 2002). However, 
recent studies demonstrated that familiarity could also support 
associative retrieval if word pairs are encoded as unitized repre- 
sentations (Giovanello et al., 2006; Rhodes & Donaldson, 2007). 
Even for arbitrary word pairs, specific encoding strategies have 
been reported to enhance familiarity-based retrieval during 
associative recognition (Bader et al., 2010). In the present study, 
the results showed that older adults displayed significant frontal 
old/new effect for compounds and that this effect was equivalent 
for both age groups, moreover, this frontal old/new effect was posi- 
tively correlated with associative Pr. The early bilateral frontal old/ 
new effect has been generally thought to reflect familiarity-based 
recognition (Friedman, 2013; Friedman & Johnson, 2000; Rugg & 
Curran, 2007). Thus, our results suggest that compounds could be 
encoded as single unitized units and subsequently enhance famil- 
iarity-based associative recognition. In all, our results provide new 
evidence that unitized associations could enhance the contribution 
of familiarity in associative recognition and indicated beneficial 
effects of unitization on associative memory in older adults. 

In previous studies, the familiarity-related early frontal old/new 
effect has usually been reported to be larger for compounds than 
for other types of word pairs in young adults (Rhodes & 
Donaldson, 2007). Interestingly, the current results showed that 
young adults exhibited equivalent frontal old/new effects for both 
types of associations. And topographic analysis revealed similar 
configurations of neural generators for the two word pair condi- 
tions in young adults. This pattern may be associated with the 
experimental design of the current study. The factor of word pair 
condition was manipulated as a within-subject variable, and 
encoding time was relatively long (5s) for young adults. Thus, 
the young adults may have intentionally utilized the unitization 
strategies for encoding the unrelated word pairs such that a bilat- 
eral frontal old/new effect also occurred for unrelated word pairs in 
this population. Future research will be needed to verify the 
rationality of this inference. 


4.3. Left parietal old/new effect 


For young adults, consistent with previous ERP studies 
(Donaldson & Rugg, 1998, 1999), associative recognition of unre- 
lated word pairs invoked a left parietal old/new effect. In addition, 
our results showed that this old/new effect was similar to that 
evoked by compound words. These results are consistent with 
the findings of Rhodes and Donaldson (2007), indicating that word 
pair conditions do not modulate the left parietal old/new effect 
during associative retrieval in young adults. The parietal old/new 
effect during the 400-700 ms time window is commonly observed 
in previous ERP studies of associative memory tasks (Bader et al., 
2010; Donaldson & Rugg, 1998, 1999; Mecklinger & Jager, 2009), 
which has usually been associated with recollection-based recog- 
nition (Rugg & Curran, 2007). The present findings suggest that 
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recollection equally contributed to associative recognition of both 
word pair conditions in young adults. 

For unrelated word pairs, smaller left parietal old/new effects 
were found in older adults compared to young adults, consistent 
with previous source memory studies (Ally, Simons, McKeever, 
Peers, & Budson, 2008; Guillaume et al., 2009; Nessler, Friedman, 
Johnson, & Bersick, 2007). This finding suggests that recollection 
process is impaired in older adults. Nevertheless, the present 
results revealed that older adults showed greater left parietal 
old/new effect for compounds than for unrelated word pairs, and, 
as with the early frontal old/new effect, the left parietal old/new 
effect evoked by compounds was equivalent for older and young 
adults. These results suggest that unitized associations could also 
enhance the involvement of recollection process in associative 
recognition for older adults. Researchers have proposed that the 
magnitude of left parietal old/new effect reflect the amount of con- 
textual details recollected (Vilberg, Moosavi, & Rugg, 2006; 
Wilding, 2000). Following this line, our results may suggest that 
the amount of recollected details was greater for compounds than 
for unrelated word pairs in older adults. 


4.4, Late old/new effects 


The right frontal old/new effect has usually been thought to 
reflect post-retrieval strategic monitoring and evaluation processes 
related to prefrontal cortex (Friedman, 2013). The older adults 
showed a smaller right frontal old/new effect for unrelated word 
pairs compared with young adults, indicating that the right frontal 
old/new effect declined for unrelated associations in older adults, 
consistent with previous studies (Guillaume et al., 2009; Trott 
et al., 1999; Wegesin, Friedman, Varughese, & Stern, 2002). 

For young adults, the unrelated word pairs evoked a greater 
right frontal old/new effect than did the compounds, perhaps 
reflecting greater demands on post-retrieval strategic processing 
for unrelated word pairs due to it being more difficult to form 
and retrieve the relational representations than unitized represen- 
tations. This is consistent with the proposal that the right frontal 
old/new effect is especially associated with associative retrieval 
of complex stimuli (Rhodes & Donaldson, 2007). This could also 
be the reason why the older adults exhibited equivalent right fron- 
tal old/new effect for compounds compared with young adults, as 
the residual prefrontal function of older adults is sufficient to sup- 
port the retrieval of stimuli that can be unitized. 

In addition, consistent with previous ERP studies (Li, Morcom, & 
Rugg, 2004; Wegesin et al., 2002), the older adults also exhibited 
additional “reversed” old/new effects over left parietal sites for 
unrelated word pairs. The left negativity has been interpreted as 
a correlate of memory search for visual episodic details 
(Cycowicz & Friedman, 2003; Cycowicz, Friedman, & Snodgrass, 
2001; Friedman, Cycowicz, & Bersick, 2005). In accordance with 
the interpretation of Li et al. (2004), the present findings may sug- 
gest that older adults make additional effort to recover the percep- 
tual details of unrelated word pairs during associative retrieval. 
Again, only unrelated word pairs showed this negative activity, 
perhaps due to greater post-retrieval processing demands relative 
to those for compounds. 


4.5. Limitations 


Some limitations should be noted. Firstly, in the present study, 
parts of rearranged pairs in one word pair condition were built by 
using the words from another word pair condition. The partial 
change from the compound to the unrelated condition from study 
to test might influence processing during the test phase. 
Participants may reject a rearranged pair in one word pair condi- 
tion by only recalling that one part of the pair was from the other 


word pair condition, rather than successfully recalling which word 
actually made the association with this part of the rearranged pair 
during study. Therefore, the data of rearranged word pairs and 
relevant findings should be treated with caution. Secondly, the pre- 
sentation styles of word pairs might differentially affect the cogni- 
tive processing of compounds and unrelated word pairs. The 
presentation of one above the other instead of one next to the 
other may be more unusual for compound relative to unrelated 
pairs, so a compound word pair may be less likely to be perceived 
as a compound. Therefore, the presentation style in the present 
study possibly undermines the unitization processes during 
encoding. However, this issue may not affect our conclusion that 
familiarity-related frontal old/new effect contributes to the 
associative retrieval of unitized pairs, as the frontal old/new effect 
was found in a less unitized presentation way (i.e., one above the 
other) in the present study. So it is reasonable to believe our con- 
clusion would still hold true for a more likely unitized presentation 
way (i.e., one next to the other). Nevertheless, this does not mean it 
is not necessary to consider a side by side presentation in future 
studies. Finally, the familiarity- and recollection-related old/new 
effects usually has a typical bilateral frontal or left parietal 
distribution, while our ERP results showed pronounced old/new 
differences with more widespread topography, for which the rea- 
sons remain unclear. Thus, the relevant findings need to be 
interpreted cautiously. 


5. Conclusions 


In summary, the present findings show that the unitized repre- 
sentations could effectively alleviate the associative deficits in 
older adults and enhance the contribution of familiarity to associa- 
tive recognition, indicating great beneficial effects of unitization on 
associative memory in older adults. The reduced age-related 
association deficits under unitized condition may be associated 
with the presence of familiarity-based retrieval of compound 
words in older adults. These findings have important implications 
for memory training in healthy older adults and even for individu- 
als with mild cognitive impairment (MCI) and Alzheimer’s disease 
(AD), who all have impaired recollection but relatively preserved 
familiarity (Gallo, Sullivan, Daffner, Schacter, & Budson, 2004; 
Serra et al., 2010; Westerberg et al., 2006; but see Hoppstddter 
et al., 2013; Wolk, Signoff, & DeKosky, 2008). Future studies are 
needed to examine whether healthy older adults and MCI or AD 
patients could benefit more from encoding strategies encouraging 
unitization (such as interactive imagery) relative to non-unitized 
encoding strategies. 
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